A comparison was made between plasma concentrations of prednisolone measured by both competitive protein binding radioassay (CPB) and radioiarmunoassay (RIA) and, with each assay, using a calibration curve generated from individual subject data and from pooling the individual calibration curve data. The plasma samples were obtained from six normal adult male volunteers who were pretreated with dexamethasone to suppress endogenoua hydrocortiaone and who then ingested 10 mg of predniaolone. Both the standard curve data and the plasma concentrations were evaluated statistically. It was shown that the CPR method has considerably greater precision than the RIA method and could be employed in bioavailability and pharmacokinetic studies of both prednisolone and prednisone. It was also shown that corticoateroid binding globulin cross-reacts considerably leas with the major metabolite of predniaolme, 208-dihydropredniaolone, than the particular antiserum used in the RIA.
INTRODUCTION
Following single small oral doses of either predniaolone (118, 17, 11, , plasma concentrations of prednisolone have been measured by radioinmunoaaaay (RIA) (l-91 or by competitive protein binding (CPB) [lo-151. Both analytical procedures are extremely sensitive, require only small plasma volumes and are rapid and simple to perform. However, both corticosteroid binding globulin utilized in the CPB method, and antisera to predniaolone so far developed and utilized in the RIA method, cross-react with several endogenoua and synthetic steroids [1, 9, 16, 17] . The RIA method requires the use of a special antiserum, which is expensive to produce and is not readily available to moat laboratories. Also, the precision of the RIA method with antisera prepared in two different laboratories is relatively poor, with coefficients of variation ranging from 12-20X for one antiserum and from 20-2611. with the other antiserum, when these were calculated from concentrations inversely estimated from the standard curves [71. VoZwne 29, Number 5 Since the CPB radioassay utilizes only diluted blank (pre-dose) plasma and no antiserum, it would appear to be the preferred method of assay. This article compares results obtained when the two methods were applied to the same 60 plasma samples.
In the application of both CPB and RIA methods to plasma samples containing unknown anmunts of the compound being assayed there are basically two methods, both of which are widely used. In the one method (individual subject calibration method) the blank (pre-dose) plasma or serum is spiked with known amounts of the steroid being measured and these spiked samples are assayed at the same time as the "unknown" plasma samples; the concentrations of the "unknowns" are estimated only from the calibration data for that subject. In the other method (pooled calibration method) the standard curve is prepared from the pooled data obtained by spiking some or all of the subjects' zero hour plasma.
Although there is considerable literature on the mathematics and statistics pertaining to the RIA and CPB methods [19-321 a comparison of plasma concentrations of prednisolone estimated using both of these methods with either the CPB or RIA assay methods does not appear to have been reported. In this report plasma concentrations of prednisolone were estimated by both of the calibration methods using 7. bound values obtained by both the RIA and CPR methods.
Although the prednisolone antiserum used to measure the plasma concentrations in the study reported has been utilized in normal volunteers without suppression of endogenous hydrocortisone with dexamethasone [3, 6] we chose to use dexamethasone in this study as in others [2,4,5,7, 81 in order to make the assays more specific since both corticosteroid binding globulin and the prednisolone antiserum [l] react with hydrocortisone and do not react with dexamethasone [1, 16, 17] . The CPB method would most probably be useful also in patients receiving high doses of either prednisone or prednisolone since such patients would have very low plasma concentrations of endogenous cortfsol. It should be noted that corticosteroid binding globulin binds prednisone much less than prednisolone, and only about 10 ng of prednisone can be detected by the CPB assay, whereas about 1 ng of prednisolone can be detected. After 20 min, the samples were placed in an ice bath and incubated for an additional 30 min. At the end of the incubation period, 0.5 ml of pre-cooled (3'C) dextran-coated charcoal (2.57. charcoal and 0.25% dextran T 0)was a added. The samples were allowed contact with the charcoal for 1 min, and were then centrifuged at O°C for 10 min.
One ml of supernatant was pipetted out of each culture tub Q and placed in a numbered scintillation vial containing 10 ml of Unogel All samples were counted for 10 min in a Packard Model 3320 Tri-Carb Liquid Scintillation
Spectrometer. All assays were run in duplicate as in the RIA procedure.
The cross-reactivity studies with the prednisolone metabolite, 208-dihydroprednisolone (11$,17,208,2l-tetrahydroxy-l,4-pregnadien-3-one with the principal prednisolone metabolite, 20S-dihydroprednisolone, to a lesser degree than prednisolone antiserum in the RIA assay. Table 2 lists the primary calibration data for both the RIA and CPB methods with the means and coefficients of variation estimated from duplicate X bound values using the formula of Cekan [30] . The CPB has considerably greater precision than the RIA method as reflected by the appreciably lower coefficients of variation. [25, 32, 33, 34] . Severe nonuniformity of variance, as reported by Rodbard et al. [32] , --was not observed with either method of assay. aRanges and mean for six subjects' pre-dose plasmas with added prednisoblone. C.V.(%) -100 eWT < 1 where u is the standard deviation calculated from the natural logarithms. Table 4 gives the intercepts, slopes and correlation coefficients of the logistic-logarithmic equation (equation 1) obtained from both individual subject and pooled calibration data obtained by RIA and CPB methods. These indicate that the slopes of the logarithmic-logistic calibration plots for individual subjects are reasonably homogenous with the coefficients of variation of the slopes being 8.08 and 8.797. for the RTA and CPB, respectively. However, the intercepts (In Q values) for individual subject data are less homogenous for the RIA than for the CPB S TDROXDS with the coefficients being 20.9 and 8+79%, respectively. An indication of relative sensitivity may be obtained by two criteria from the pooled calibration parameters in Table 4 . The concentration corresponding to 50% response, i.e., [y = 3
x 100 -501, EC50, is equal to Q -l" [34] ; for the RIA method EC50 = 2.9 ng/ml and for the CPB method EC50 = 2.57 ng/ml. Also, from equation 1, when the concentration, C, is equal to 1 ng/ml, In C = 0 and Q = (100 -y)/y whence y -lOO/(l + Q);
for the RIA method the calculated value of y is 75.5% and for the CPB method the corresponding value was 84.0X, corresponding to C = 1 ng/ml.
These values suggest that the CPB assay was just slightly more sensitive than the RIA. The sensitivity of an assay, as pointed out by Cekan [31] , in the sense of distinguishing one concentration from another is also clearly dependent on precision. Both the precision and the sensitivity of the CPB method are greater than that of the RJA. Table 5 provides the means, coefficients of variation and bias obtained from inversely estimated concentrations using the calibration data for both assay methods. Because of the nature of data collection these coefficients of variation include both intra-and inter-day variation and in the view of the authors represent the best indication of error in the assay methods employed. Both the bias and coefficients of variation are smaller for the CPB than the RIA assay. Each mean and C.V. is based on the six values of y (one for e c used to prepare the standard curve. For the RIA assay: In Q --1.1260 and s -1.05Ql; for the CPB assay: ln Q --2.1263 and s -1.2564. Table 6 lists the plasma concentrations of prednisolone estimated by all four methods--i.e., by both RIA and CPB methods and each using individual subject (I) and pooled (P) calibration data. An attempt was made to determine which of the four methods gives the "more correct" answers. Table 7 gives the statistics of the least squares regression lines when the plasma concentration measured by RIA assay was plotted against the plasma concentration measured by CPB assay for the 0.25-12 hr time range given in Table 6 . The 24 hr concentrations of Table 6 were excluded since the 24 hr concentrations measured by the CPB method were appreciably higher than those measured by the RIA method in 5 out of the six subjects by both calibration methods. Also, for subjects l-5 in the 2-12 hr time range and subject 6 in the 4-12 hr time range each set of plasma concentrations listed in Table 6 are log-linear on semilogarithmic graph paper, but the 24 hr plasma concentration is almost always higher than that predicted by extrapolating the trend lines. These facts , plus similar observations from previous studies [2, 4, 5, 7 ,81 strongly suggest that there is some recovery of The final problem is to determine whether the RIA or CPB is giving the "more correct" answer. All other slopes are not significantly different from unity. of drug, and higher plasma concentrations than the CPB method for higher concentrations of drug. These differences are a reflection of the bias of the standard curves for each analytical method as presented in Table 5 and plotted in Figure 2 . Since the overall bias of the CPB method is lower, the precision greater, the cross reactivity with the major metabolite of prednisolone lower, and the procedure more readily available for general laboratory usage it is clear that the CPB method is more desirable than the RIA method. It is therefore concluded that the CPB method using a standard curve generated from pooling daily standard curves is more desirable than the RIA when measuring plasma concentrations of prednisolone, when the patient's or subject's plasma is cortisol-free or essentially so.
ACKNGWLEDGEMNTS
The authors thank W. A. Colburn and R. H. Buller of the Upjohn Company, Kalamazoo, Michigan for providing the prednisolone antisera gig.
1, A plot of difference between the plasma prednisolone concentration measured by RIA and the plasma concentration measured by the CPB method ~9. the aveqage of the two plasma concentrations. ::
